Advanced Computational Methods in Engineering
Course general description:
In today’s engineering environments, computational methods have become indispensable for solving
complex problems across various disciplines, including structural analysis, fluid dynamics, heat
transfer, optimization, and system modeling. This course provides an in-depth exploration of
advanced computational tools and techniques used to model, simulate, and analyze engineering
systems. Participants will gain hands-on experience with state-of-the-art software and algorithms
while learning how to apply these methods to real-world engineering challenges.
Audience:
This course is designed for:
1. Engineers and researchers working in mechanical, civil, aerospace, chemical, and electrical
engineering fields.
2. Professionals involved in design, analysis, and optimization of engineering systems.
Academics and students seeking advanced knowledge in computational methods.
4. Data scientists and analysts interested in applying computational techniques to engineering
problems
Course objectives:
By end of the course participants will gain:
1. Understand the fundamental principles of computational methods in engineering.
2. Learnto use advanced computational tools and software for problem-solving.
3. Apply numerical techniques such as finite element analysis (FEA), computational fluid
dynamics (CFD), and optimization algorithms.
4. Develop skills in data-driven modeling and simulation.
5. Explore advancements in machine learning, artificial intelligence, and high-performance
computing (HPC) for engineering applications.
6. Solve practical engineering problems through case studies and hands-on exercises.
Course duration:
5 days
Course location:
Cairo-Dubai-Istanbul
Course contents:
Day 1: Introduction to Computational Methods and Numerical Techniques
e Fundamentals of Computational Methods — Importance, discretization, approximation, and
convergence.
e Numerical Methods for Differential Equations — Finite difference, finite volume, and finite
element methods for solving ODEs/PDEs.
e Stability and Accuracy Considerations — Ensuring reliability in numerical solutions.
e (Case Study: Heat Transfer Problem — Solve using finite differences.
e Pretest & Group Discussion — Assess baseline knowledge and discuss real-world challenges.
Day 2: Finite Element Analysis (FEA) and Structural Modeling
e Principles of FEA — Meshing, element types, boundary conditions, and applications in
mechanics.
e Advanced FEA Techniques — Nonlinear analysis, dynamic simulations, and multiphysics
coupling.
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Software Tools Overview — ANSYS, Abaqus, and COMSOL Multiphysics.

Practical Exercise: Cantilever Beam Simulation — Hands-on structural analysis.

Quiz & Discussion — Evaluate understanding of FEA principles.

Computational Fluid Dynamics (CFD) and Flow Simulation

Fundamentals of CFD — Governing equations (Navier-Stokes, continuity, and energy).
Discretization Methods — Finite volume and finite element approaches.

Applications of CFD — Modeling flow, heat transfer, and multiphase systems.

Case Study: Airflow Simulation — Analyze flow over an airfoil using CFD.

Quiz & Discussion — Challenges in turbulence modeling and validation.

Optimization and Machine Learning in Engineering

Optimization Techniques — Linear programming, nonlinear optimization, and genetic
algorithms.

Machine Learning for Engineering — Neural networks, predictive modeling, and deep learning.
Applications in Engineering — Fault detection, material design, and process optimization.
Hands-On Simulation — Solve an optimization problem using Python or MATLAB.

Group Activity: ML Model Training — Predict system performance using machine learning.
High-Performance Computing (HPC) and Final Assessment

Introduction to HPC — Parallel computing, distributed systems, and GPU acceleration.
Future Trends in Engineering Computing — Digital twins, Al-driven engineering, and quantum
computing.

Professional Growth and Career Pathways — Opportunities in computational engineering.
Final Assessment — Written test and comparison with pretest results.

Feedback & Takeaways — Discussion of key lessons learned.

Methodology:
e 50% lectures & concepts

e 10% Videos

e 15% Case studies

e 15% Exercises

e 10% Discussions
Course code: (TGRL002)
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